Objectives: The objective of this study was to quantify the risk of intracranial hypertension (ICH) with the intrauterine levonorgestrel (IUL) device Mirena ® . Methods: We used the United States Food and Drug Administration's Adverse Events Reporting System (FAERS) database to quantify a reporting odds ratio (ROR) for ICH and Mirena ® . We also conducted a retrospective cohort study using the IMS LifeLink ® database, comparing the risk of two oral contraceptives ethinyl estradiol (EE) with Mirena ® . A Bayesian sensitivity analysis was performed to account for the effect of body mass index (BMI). Results: The reported odds ratios (ORs) for ICH and papilledema with Mirena ® were 1.78 (95% confidence interval [CI] 1.41-2.25) and 1.50 (95% CI 1.10-2.05), respectively. In the cohort study, the OR for ICH and EE-norgestimate and EE-norethindrone compared with Mirena ® were 1.29 (95% CI 0.83-2.00) and 0.31 (95% CI 0.04-2.29), respectively. The presence of a strong confounder BMI did not affect the estimated OR (OR = 1.31, 95% CI 0.73-2.41 for EEnorgestimate; OR = 0.18, 95% CI 0.01-1.27 for EE-norethindrone). Conclusion: We found a higher than expected number of reports of ICH with Mirena ® in the FAERS database. We also found a similar risk of ICH with Mirena ® compared with the oral contraceptive EE-norgestimate. The higher risk of ICH with EE-norethindrone, another oral contraceptive should be further investigated.
Introduction
Contraceptive medications are one of the most commonly prescribed classes of medications used by young women. While the majority of women use oral contraceptives as the main method of contraception, a considerable proportion opt to use other forms of contraceptive delivery including intrauterine delivery of contraceptive medications. Levonorgestrel is a second-generation progestin that is available both as oral and intrauterine formulations. The intrauterine form of levonorgestrel (IUL) is marketed as Mirena ® in North America. IULs may be more convenient for some women as they are implanted in the uterus once. Although the systemic absorption of IULs is thought to be lower than oral formulations, some studies have shown similar rates of adverse events to oral levonorgestrel formulations resulting in discontinuation of up to 50% within the first 6 months of use [Daud and Ewies, 2008] . One serious adverse event that has been associated with progestins [Chan, 2006; FDA, 2014] and specifically Mirena is intracranial hypertension (ICH), a serious medical condition that leads to an increased pressure in the brain and the central nervous system. ICH may be associated with high morbidity including papilledema or swelling of the optic disc which can lead to blindness. There have been several cases [FDA, 2014; Martinez et al. 2010 ] of ICH reported with IUL including one report of a 45-year-old nonobese women in Argentina who developed ICH after 4 years of using IUL [Martinez et al. 2010] . Moreover, in light of evidence of ICH with intramuscular and subdermal formulations of levonorgestrel and high variability in systemic absorption of levonorgestrel from IULs [Ewies, 2009] , the possible risk of ICS with IULs must be further investigated. Currently, no epidemiologic study has examined the possible association between the risk of ICH with IUL. Given that approximately two million women worldwide use IULs [dailymed, 2014] we sought to quantify the potential risk of ICH with IUL using two epidemiologic approaches.
Methods
We used two different methodologies to answer the study objectives. First, we used the United States Food and Drug Administration's Adverse Events Reporting System (FAERS) database to quantify a reporting odds ratio (ROR) which quantifies the odds of reported cases of ICH amongst Mirena ® an IUL used in the United States. The FAERS database captures approximately 5 million reported adverse events [FDA, 2014] . For this analysis we included the following terms: benign intracranial hypertension, idiopathic intracranial hypertension, cerebral edema, intracranial hypertension, papilledema and papilledema, with the date range of 1 January 2004 to 30 September 2013. We specify prior distributions according to the estimates in the medical literature for the prevalence of ICH in the population (10-20/100,000) [Medscape, 2014] and the odds ratio (OR) of ICH with Mirena (1.5-2.5). These prior distributions were then combined with ICH events in the FAERS data using a Bayesian framework to estimate a new ROR which incorporates both data from existing knowledge and real data to estimate an ROR for reported ICH events with Mirena ® .
We supplemented the first analysis with a retrospective cohort study that compared the risk of intracranial hypertension between IUL and two other combination oral contraceptives, ethinyl estradiol (EE) and norethindrone and EE-norgestimate. We used a large health claims database, IMS LifeLink ® (IMS, USA) which contains over 102 healthcare plans in the United States (IMS, 2014). The database captures health utilization information from all geographic locations in the United States capturing information on approximately 80 million subjects. Specifically, the database captures all hospitalizations, physician visits, procedures and prescription drugs up to 2012. From LifeLink ® we had access to aggregate data on women aged 15-45 who were newly prescribed one of the three mutually exclusive contraceptives from 2009-2013: (1) an IUL; (2) an oral formulation of EE-norethindrone; and (3) an oral formulation of EE-norgestimate. We obtained information on intracranial hypertension for the three drug groups by identifying the following conditions: obstructive hydrocephalus idiopathic normal pressure hydrocephalus, benign intracranial hypertension, cerebral edema and papilledema. We did not have information on other medical conditions. We computed an OR between EE-norethindrone and Mirena ® as well as EE-norgestimate and Mirena ® . One of the potential confounding variables in this study is body mass index (BMI) as it is associated with both ICH and use of IUL [Rowe and Sarkies, 1999] . For example, clinicians may be more likely to prescribe IUL to women with higher BMI due to its slower systemic absorption and potentially lower propensity to cause weight gain. BMI has also been identified as a risk factor for ICHR.
Since we did not have information on BMI in our dataset, we used a Bayesian sensitivity analysis (BSA) proposed by McCandless and colleagues [McCandless et al. 2007 ] to incorporate different magnitudes of the effect of BMI on the crude OR for ICH. More specifically, we dichotomized BMI (high versus low) to match the scenario presented in McCandless and colleagues. BSA uses a Bayesian framework that generates a distribution for the prespecified ranges of the OR (both for the associations between BMI and IUL and between BMI and ICH). We then incorporated these prior distributions with the crude ORs to obtain a posterior distribution for the OR of Mirena ® and ICH that takes into account the effect of different levels of BMI. We assumed two possible ranges for the magnitude of the ORs (OR for BMI and Mirena ® = 0.3-3.0; OR for BMI and ICH = 0.16-6.0).
Results
The crude ROR for ICH, papilledema and their combinations did not differ from the Bayesian estimate of OR (Table 1) in the first analysis. The crude and BSA-driven ROR for ICH was 1.78 (95 % CI 1.41-2.25) and 1.85 (95 % CI 1.56-2.18), respectively. In the cohort study, there were 21 new cases of ICH amongst 16,163 new users of IUL. There were also 318 cases of ICH with 190,059 users of EE-norgestimate and one case of ICH with 2501 users of EE-norethindrone. There was no statistically significant difference between the risk of ICH for EE-norgestimate compared with Mirena ® users. A trend toward a lower risk of ICH was observed between EE-norethindrone use compared with users of Mirena ® although due to a small number of events this difference didn't reach statistical significance.
Discussion
Our study is the first large epidemiologic study that that has examined the risk of ICH with Mirena ® . The results of our study demonstrate and increased reporting of ICH events with Mirena ® from the FAERS database. The results from the cohort study suggest that the risk of EE-norgestimate, an oral formulation, is comparable with that with IUL. We found that compared with IUL, EE-norethindrone is protective for ICH although the small number of events and wide confidence intervals make interpretation of this observation challenging.
Oral and intramuscular contraceptives including progestins have been linked to ICHR [Chan, 2006; FDA, 2014] . Moreover, Norplant ® , a contraceptive implant that released levonorgestrel slowly from the upper arm that was believed to have a lower systemic absorption, has also been linked to ICH [Alder et al. 1995] . Most reports of ICH secondary to progestins have been with levonorgestrel [Alder et al. 1995; Martinez et al. 2010] and medroxyprogesterone [Chan, 2006] . There has been one report of ICH with a norethisterone (Sheehan, 1982) , an older progestin used previously along with mestranol for hormone replacement therapy. More research is needed to examine the risk of ICH with different formulations of progestins.
IULs such as Mirena ® are a unique method of delivering levonorgestrel locally to the endometrium. Although it is not considered a common contraceptive method amongst the wide array of other available drugs or devices, still approximately two million women worldwide are using Mirena ® . This number is expected to increase at least in the United States in light of the recent recommendations from the academy of pediatrics on the increase use of IUD as the main method of contraception in adolescents [Committee Adolescence, 2014] . The drug is also marketed as having a lower systemic absorption due to its mode of drug delivery. However, levonorgestrel has shown to bind heavily to sex hormone binding protein system (SHBG) which may differ in concentration in women depending on BMI or ethnicity [Jia et al. 1992; Ratsula et al. 1989; Nilsson et al. 1982] . Thus, the systemic concentration of IUL in women may vary. In fact, studies have shown that after continuous use of IUL, the serum concentration of IUL is variable [Ewies, 2009] and may be comparable with those for the oral levonorgestrel formulations [Ewies A, 2009 ] providing a pharmacologically plausible explanation for ICH events with IULs.
'Our study is subject to limitations. For the first analysis we used the FAERS database which captures only reported adverse events. Further, we only had aggregate data for our epidemiologic analysis and did not have information for other covariates. However, given that ICH is a rare disease, it is unlikely that adjusting for variables that are only risk factors and not confounders may have changed the results of our study [Schisterman et al. 2009 ]. We did not have information on all risk factors for ICH. However, we do not believe that given the rarity of ICH, information on other risk factors would have changed the results of this study. The BSA method used to estimate the effect of BMI on Mirena® assumes a logistic regression model (based on a binomial distribution). The true relationship between BMI and Mirena ® may however follow other types of models. In summary, we found a similar risk for ICH between Mirena ® and an oral contraceptive, EE-norethindrone combination. The higher risk of ICH for Mirena ® compared with EE-norgestimate combination should be examined in future studies. The recent recommendations from the American Academy of Pediatrics stressing on the use of IUL by young girls as the main method of contraception underscores the importance of the results of this study. In light of these recommendations and the possible increase in the use of IULs, the risk of ICH with Mirena ® must be clearly conveyed to young women who are planning to use them. However, the small risk of ICH may outweigh the risk of unintended pregnancies.
